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THE EFFECT OF INTERRUPTED TRANSLOCATION
 
UPON LOSS OF CHLOROPHYLL IN LEAVES
 
DURING AUTUMN COLORATION
'
 
By AGATHA GnIFFIN 
Palladin (7) makes the unrestricted statement in his Plant Physiology: 
"If an incision is made in a leaf in the autumn while it is still green, so 
that the chlorophyll decomposition products are prevented from diffusing 
away, the part of the leaf above the cut remains green while the other 
parts turn yellow." In support of this statement he cites work by Stahl 
(8) and reproduces an illustration of the Ginkgo leaf from this author. 
In accord with the long existing conception that valuable substances 
are translocated out of leaves, before abscission, to perman~nt parts of 
the plant in order to preserve the synthates for the plant, Stahl believed 
that a substance as valuable to the plant as the green chlorophyll pigment 
would not merely be destroyed by light and absorbed in situ (i. e., in the 
leaf cells). In his opinion, the results of his experiment offered significant 
evidence of the translocation of decomposition products of chlorophyll 
from dying leaves. 
Using green leaves of .lEsGulus mbirunda and of Ginkgo biloha which 
were about to discolor, Stahl made incisions which severed either the 
lateral veins or the midrib of the leaves. In every case, discoloration was 
extremely retarded above the cut; in the Ginkgo leaves the portions above 
the cut remained green after the rest of the leaf had become entirely 
yellow. In other experiments, portions of leaves remained green when 
cut off from translocation channels by creasing the leaf, by entirely 
severing the top of the leaf or a disc from the anatomical unit, or by 
removing an entire leaf from the stem (Table 1). Since moisture and all 
other environmental conditions were identical, Stahl concluded such be­
havior indicated that interrupted translocation caused the retention of 
green color in portions so controlled. His conclusion was based on posi­
tive resul ts from eleven species (Table I). Two additional species, 
Polygonatum multiftorum and Funkia sicholdiana, showed negative re­
sults, but he felt these might be correlated with his theory upon further 
investigation. However, he severed the veins in only two of the eleven 
lA portio;, of .:l lh"si:-; s'Jbmillcd LD lhe. co:nmillee 0', ~wad\lation hO:lors in partial fuliillmenl of 
lhe requirements for the honor ..~1agna cum Laude, (lutlr,r University, Junc, 1934. 
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species; and Palladin used this part of Stahl's experiment, involving only 
two species, as the basis for his statement that during autumn coloration 
the part of the leaf above an incision remains green while the part below 
turns yellow. 
In the present experiment, eighteen species were examined to observe 
the effect of an incision through the vein upon Joss of chlorophyll above 
and below the incision during aulumn coloration. 
TABLE I 
INFLUENCE OF INTERRUPTED TRANSLOCATION UPON Loss OF 
CHLOROPHYLL IN LEAVES. TABULATION OF RESULTS 
OBTAINED IlY STAHL (8) 
RESULT 
SPECIES TECHNIQUE NormalInlcmlpled Portion Portion 
Philadelphus grandiflorus Severed leaf L05s of green retarded Yellow 
Robinia viscosa Severed leaf Loss of green entirely Yellow 
prevented 
Philadelphus grandiflorus Disc removed from Entirely prevented Yellow 
leaf 
Ulmus montana Disc removed from Entirely prevented Yellow 
leaf 
Betula verrucosa Disc removed from Entirely prevented Yellow 
leaf 
Robinia pseudoacacia Half of leaf COtn- Entirely prevented Yellow 
pleLely severed 
JEsculus nlbicunda Bending leaf blade Retarded Yellow 
crushed tissue 
Ginkgo biloba Same Retarded Yellow 
Ro binia viscosa Same Retarded Yellow 
Acer platanoides Same Retarded Yellow 
A species of Quercus Same Retarded Yellow 
JEsculus rubicunda Incision through vein Retarded Yellow 
Ginkgo biloba Incision through vein Retarded Yellow 
Monowtyledons 
Polygonatum tnUllinorum Incisions and discs Hastened loss of green Green 
Funkia sieboldiana Incisions and discs Hastened loss of green Green 
Agapanthus umbellatus Discs Retarded Yellow 
Kampheria pandurata Discs Retarded Yellow 
Chloropbytum or~hidastrum Discs Retarded Yellow 
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PROCEDURE 
On October 3, 1933, incisions were made through the veins of unshaded 
green leaves still growing on the tree. Sets of ten leaves were cut on 
opposite sides of each tree to compare results under both morning and 
afternoon sunlight. (See Table II.) Each group of ten leaves included 
several types of incisions: ( 1) through the midrib only, (2) through the 
midrib and another through a lateral vein, (3) through a single lateral 
vein, and (4) through several adjacent lateral veins. Observations were 
recorded at three-day intervals, either until leaves showing definite re­
sults were gathered or until leaves showing no results had fallen from 
the tree. 
On October 17, incisions were made in new sets of leaves of Lirioden­
dl'on tulipifera, 1vJorus tatarica and Gin.kgo biloba, species which had, so 
far, shown no definite results. To ascertain whether or not late cutting 
was a determining factor in the results obtained, duplicate sets of Acer 
saccharum and A. rubrum were cut to compare with the sets cut early in 
October. On October 24, Quercus macrocarpa, Liquidambar styracifiua, 
PruJ1us serotina, Berberis thunbergii, and the grass, Setaria lutescens 
we~e added to the species previollsly included in the experiment. A new 
set was cut for Q. imbricaria, also. 
The leaves observed were mounted and deposited in the Herbarium of 
Butler University and drawings were made from the original material. 
RESULTS 
The results obtained from the present experiment were not so uniform 
as those obtained by Stahl. The reaction, with few exceptions, was uni­
form for the leaves of anyone species, irrespective of the type of incision, 
in every case becoming evident in the region controlled by the cut. How­
ever, the different species examined showed three distinct types of results. 
Nine species lost the green color above the incision while the remainder 
of the leaf was still green; six species showed no difference in the region 
above and below an incision, both areas either turning yellow or both 
remaining green; only three species remained green above the cut whilf' 
the lower section turned yellow (thus agreeing with Palladin's statement). 
Results are shown in Table II. 
Galls on the veins of leaves of Quercus alba (Figure 4) produced effects 
similar to those resulting from incisions, i. e., in every instance the region 
above the gall lost chlorophyll first. Microtome sections through such 
1St 
gall-infested areas showed a definite modification of the vascular tissues, 
thus correlating the ultimate effect on translocation somewhat with that 
of an incision. 
Leaves turning red or orange only above the incision (while the lower 
part remained green) were classed with those losing chlorophyll above 
the cu t on the assumption that anthocyanin does not become evident 
until chlorophyll disappears (6), and especially since not a trace of green 
was evident in the red areas. Identical results were obtained in leaves 
exposed to morning and afternoon sunlight, indicating that the intensity, 
kind of light and length of exposure were seemingly not directly respon­
sible for the results obtained. 
PrUn1~s serot-ina failed to show the reaction exhibited by most species) 
but it was listed with those losing chlorophyll above the cut because most 
leaves showed such behavior. 
Leaves of Acer saccharum, cut October 17, failed to produce the bright 
orange-red color exhibited above the incision by the leaves cut October 3. 
This second set showed no change for a week; three days later the ma­
jority of leaves were entirely yellow hoth above and below the cut, while 
three leaves remained a light yellow-green in the region above the incision. 
Quercus imbricaria and Acer rubrum both exhibited identical reactions 
in sets cut October 2, October 24 and October 17, respectively. 
Regions above incisions in the leaves of Ginkgo biloba immediately 
withered, changing to the characteristic brown of dead tissue and making 
observations on the loss of green in normal tissue impossible. The same 
result was obtained in a second set. However, about a month after re­
moving the leaves from the tree, the dead tissue appeared green again. 
An experiment performed with eosin solution to determine the path of 
water translocation showed no eosin present above the incision in the 
parallel-veined species examined (Miscanthus sinensis and a species of 
Lilium) while in net-veined species eosin was translocated around the 
cu t through secondary veins. Prevention of water translocation to the 
area segregated by an incision in parallel-veined leaves suggests that the 
retention of chlorophyll above the incision in the Ginkgo leaves of Stahl's 
experiment was probably due to the death of the tissues and not to the 
accumulation of decomposition products. Conditions in the Ginkgo leaves 
of the present experiment were certainly not comparable to those in 
other species; and it is difficult to see how Stahl could have preserved 
normal tissue above an incision in the parallel-veined leaf of Ginkgo. 
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TABLE II 
Loss OF CHLOROPHYLL IN LEAVES WITH SEVERED VEINS 
Leoves Losi n~ Green Color
 
Above Incision (Yellow or
 
Red Above CUi) 
Acer saccharum 
(Fig. 2) 
A. rubrum (Fig. 1) 
Berberis thunbergii 
Nyssa sylvatica 
Prunus serotina 
Quercus alba (Fig. 4) 
Quercus im brica ria 
(Figs. 5,6) 
Rhus glabra 
Setaria lutescens 
Stahl's inconsistent 
and "decomposition 
Leaves Rema.iuing Green 
Above Incision 
Ginkgo biloba 
Liquidambar styraciB.ua 
(Fig. J) 
Quercus macroca.rpa 
(Fig 7) 
Leaves Not Influenced by CuI. 
(ldentica.l Above and Below 
Incision) 
Acer platanoides 
Comus asperifolia 
Fagus gra.ndifolia 
Liriodendron tulipifera 
Morus tatarica 
Platanus occidentalis 
Green 
Green 
Yellow 
Yellow 
Green 
Green 
DISCUSSION 
use of the terms "chlorophyll," "green pigment" 
products" as interchangeable terms, leaves the 
reader confused as to his actual conception of the disappearance of 
chloropbyll. Evidently he believed that chlorophyll decomposition prod­
ucts are translocated out of the dying leaf; bu t the accumulation of these 
products retards chlorophyll decomposition. 
I, Recent work throws some light on facts underlying the theory of 
translocation of valuable substances to perennating parts before leaf­
I fall with which Stahl was attempting to correlate the disappearance of 
I chlorophyll in autumn. Rippel, according to Denny (2») reported a loss 
of 52 to 81 per cent of nitrogen in the leaves of thirty-three species. 
However, Denny (2) observed only very small changes in Syringa and 
Viburnum. a consistent decrease of 35 to 40 per cent of nitrogen in 
Viburnum being the only positive result he obtained; the nitrogen con­
tent of Syringa and the sugar content of both remained nearly constant. 
Combes (I) was the first to prove by measurement of nitrogen in stems 
and roots as weJl as in leaves that the amount increases in the stem and 
roots as the amount in the leaf decreases during yellowing. Significant 
results, obtained by comparison of absolute amounts rather than as per­
centage of dry weigl1t, showed that the leaves of sixteen two-year-old 
oak plants lost 33.73 milligrams of nitrogen during yellowing, while the 
nq 
stems gained 3.94 milligrams and the roots gained 22.26 milligrams dur­
ing the same period. 
At the time of publication of Stahl's paper, Wehmer, according to 
Stahl (8), was vigorously opposing the theory that substances necessary 
in plant metabolism were translocated to perennating tissues. He not 
only pointed out that the reduction of phosphoric acid and potash might 
be due to leaching in dying leaves, but declared that translocation was 
impossible, since reduction of valuable substances occurred after forma­
tion of the abscission layer which, he considered, inhibited further trans­
location. 
Tison, according to Stahl (8), had found that the parenchyma tissues 
of the vascular bundles examined were almost devoid of corky layers so 
long as the leaf had not fallen; Kienitz-Gerloff, according to Stahl (8), 
supported the possibility of translocation with evidence that the sieve 
tu bes of veins in discoloring leaves were still filled with protoplasm. 
Holman and Robbins (3) state that when the abscission layer is formed, 
the conducting elements of vascular bundles generally remain unaffected. 
However, Lee's (5) detailed microscopic ohservation of the formation of 
the abscission layer in nine species strongly supports Wehmer's conten­
tion. At the first appearance of the abscission layer, tyloses and gummy 
lignins formed in the vascular bundles of all species. Lee definitely states 
that in Castanea sativa, Salix, Prunus cerasus and Rhus typhina the con­
ducting elements were obstructed, stopping the flow of nutrient solutions 
from the stem. 
When Kolkwitz (4) performed his experiments, based on Stahl's work 
(8), he found so many exceptions to a behavior indicative of chlorophyll 
translocation to perennating tissue that he concluded "an assumption of 
chlorophyll pigment disposition for teleological reasons is impossible." 
Leaves of Syr'inga vulgaris, Ligustrum, and occasionally Fraxinus e:t­
celsior, ahscised while still green, and in the case of Syringo vulgaris, while 
still capable of photosynthetic activity, showing that translocation of 
decomposition products had not occurred. Leaves of Brassica oleracea 
acephala, deficient in nutrients and removed from the plant, yellowed as 
rapidly as attached leaves, showing that rapid discoloration may occur 
when decomposition products are not removed. The varied results 6f the 
present experiment indicate that the accumulation of decomposition 
products does not always inhibit chlorophyll decomposition. 
However, the question then arises whether an incision through the vein 
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always prevents translocation of these products, as Palladin claims. Stahl 
reported only retarded loss of green above the incisions in /Esculus rubi­
CUl1da and Ginkgo biloba,. he did not claim that an incision prevents 
tr:mslocation entirely. The present eosin experiment showed that in net­
veined lea.ves the water is translocated around the cut by smaller veins 
to tissue above the incision. Transloca tion of waste products by the same 
path probably occurs. Had all net-veined leaves failed to remain green 
above the incision, while parallel-veined leaves, in which an iucision 
means absolute interruption of translocation, remained green, the failure 
to confirm Stahl's results might be explained by the failure of waste 
products to accumulate. Unlike the entirely severed discs, tips of leaves 
and entire severed leaves, incisions through the veins of net-veined leaves 
ev'idently do not result in absolute interruption of translocation. 
If all leaves had remained green above the incision, as Palladin's 
statement leads one to expect, one would be justified to assume that 
accumulation of waste products is the factor which controls the decom­
position of chlorophyll. However, results of this experiment prove that 
any general statement as to the decomposition of chlorophyll when waste 
products are not removed is not justifled; but they rather indicate that 
some other modifying factor, dependent on the species, influences chloro­
phyll decomposition. 
SUMMARY AND CONCLUSlONS 
1. The leaves of eighteen species of plants were examined to determine 
the effect of severed veins upon autumnal Joss of chlorophyll. 
2. Disappearance of chlorophyll in leaf areas above interrupted trans­
location varied with different species. 
3. Four patterns of discoloration in leaves were obtained when in­
cisions were made through the veins shortly before autumnal coloratioo. 
Nine species lost the green color above the incision first; two species dis­
colored simultaneously above and below the cu t; four species remained 
green both above and below the incision; only three species remained 
green above the cut and discolored below. 
4. Translocation of eosin in net-veined species through secondary 
veins to all veins above a cut in a leaf suggests that probably an incision 
through the vein does not prevent the removal of decomposition products 
entirely from areas of interrupted translocation in net-veined leaves. 
S.	 The varied results of this experiment show plainly that the pre­
135 
vention or retardation of the removal of decomposition products of 
chlorophyll does not operate (if at all) as a universal law, governing all 
species, in preventing the breaking down of chlorophyll by inhibition of 
some chemical process, as assumed by Stahl and accepted by Palladino 
6. Ginkgo biloba is not well adapted to the type of experiment used in 
this observation because areas above severed veins die too readily and 
thus obscure results. 
Appreciation is here extended to Dr. John E. Potzger, of the Butler 
University Department of Botany, for suggesting and supervising this 
study, as well as for translations of the German articles considered in this 
thesis. 
Explanation of Figures-Effect of severed veins on the disappearance of chloro­
phyll from leaves: Dark areas indicate presence of chlorophyll, light areas its absence. 
Rectangles indicate cut through veins. (1) Acer rubrum; (2) A. saccharum; (3) 
Liquidambar styraciflua; (4) Quercus alba, discoloration above gall injury; (5,6) Q. 
imbricaria; (7) Q. macrocarpa. 
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